Abstract: These days information technology (IT) is an integral part of all business functions. Hence, managing IT resources efficiently and effectively has become a challenging undertaking. In this context, IT governance has presented itself as a management tool that allows decision makers to focus their efforts on value creation activities that are closely aligned with business strategy. However, IT governance tends to modify the power structure within organizations. This frequently leads to conflicts, which can be analyzed with game theory. This paper presents a systematic literature review of the use of game theory to support IT governance initiatives. It is intended to be a source of information for researchers who are involved with the analysis of IT governance structures in both the private and public sectors.
Introduction
Information Technology (IT) has become one of the most important drivers of economic growth at the beginning of the 21 st century [1] . Not only does it provide companies with the means to gain competitive advantage, but also to increase market and mind share [2] . The literature is full of real-world examples in which the use of IT helps to reduce time to market and improve product quality [3] . This holds true for many types of IT related projects, including business information-system evolution, decision support system construction and mobile application development. However, as there is no free lunch [4] , in order to take advantage of these benefits companies must promote the adoption of concepts and methods that favor the effective use of technological resources [5] .
IT governance models are arrangements containing a set of management rules, a distinct organizational structure and a collection of business processes [6] . By enabling better planning on the use of information technology resources, IT governance models help organizations to meet the challenges posed by different market scenarios [7] . Moreover, these arrangements favor the adoption of more effective and transparent management styles, which increase accountability and reduce information asymmetry within organizations [8] .
It is commonly accepted that well-structured governance models are among the main influencing factors in the effective and efficient use of IT resources [9] . Also, as competition for market space increases worldwide, many companies have turned to IT as a source of innovation and competitive advantage. As a result, the implementation of successful business strategies is becoming highly dependent on the existence of well-conceived information-technology governance structures. All of this requires executives to be knowledgeable about the processes and activities that facilitate the implementation of IT governance [10] .
In spite of the benefits that IT governance may yield, the implementation of these models tends to be full of obstacles. This stems from the existence of both internal and external factors, which are often barriers to organizational growth [11] . Conflicting needs among stakeholders, lack of financial support and resistance to change are examples of internal factor that may hinder the adoption of IT governance models. Changing consumer habits, competitors' actions and sudden changes in the political and economic scenarios are examples of external factors [12] .
IT governance is full of situations that promote both competition and collaboration among interested parties [13] . It is usually assumed that everyone who is actively involved with IT governance wants the organization to succeed, favoring a collaborative effort. However, organizational changes brought in by IT governance may change the political and financial power enjoyed by different players, leading to conflict.
Over the course of time game theory has emerged as a technique that can be successfully used to analyze conflicting situations between different parties [14] . An interesting example occurs when the IT governance committee of a large organization considers making it mandatory for its software-development service providers to have an expensive hard-to-get quality assurance certificate. In these circumstances, the service providers may choose to (a) fight the new requirement, taking the matter to a higher managerial board, (b) bear the extra cost required to obtain and maintain the certificate, (c) obtain the certificate and keep providing services to the organization, but at a higher price, (d) fulfill the ongoing contracts and cease proving development services to the organization, or (e) negotiate with the governance committee. If service providers decide to fight the new requirement or threaten to cease providing development services, the governance committee may consider fighting back or giving up the certificate requirement. On the other hand, if service providers indicate that they are willing to bear the extra cost, it is likely that the governance committee will feel confident and will go ahead with the idea of requiring the certificate. Moreover, if the service providers decide to raise their prices, they risk losing a profitable client. Finally, there is a chance that the interested parties may resolve to negotiate and try to reach an agreement.
Note that if the players and their respective choices are well known and their actions influence one another's decisions, then a game is established [15] . Moreover, there is plenty of evidence in the literature showing that game theory can be successfully used to analyze the games that people play at the workplace [16] , [17] and facilitate the implementation of corporate governance processes [18] - [20] . This paper analyses the role played by game theory in the conception, deployment and management of IT governance. This is based on a systematic and thorough review of the existing literature on the subject. It is intended to be a source of information for those who are involved with the study of IT governance in both the private and public sectors.
The remainder of this paper is organized as follows. Section 2 presents the concepts and methods used in the systematic literature review (SLR). Section 3 discusses the planning of the SLR, including the research questions that directs the systematic review. Its execution is analyzed in Section 4. Section 5 presents the results of the SLR. The conclusions of this paper may be found at Section 6. that helps to answer those questions [21] .
SLR is an important part of research projects that seek to make significant contributions to science and technology. When properly done it provides robust up-to-date information on the subject under consideration. This information is organized to facilitate reading and understanding. Therefore, in general, its results can be immediately used by others, aiding the development of new projects [22] . The main characteristics of a SLR are summarized in Table 1 . Although widely applied in medical research, SLR should not be limited to this area. As its benefits become more widespread, SLR can be expected to grow in use and become common practice in other scientific and technological areas. Psychology, sociology and education are at the forefront of the adoption of SLR. Researchers in these areas are using SLR to identify and analyze unexplored and under explored subjects, paving the way to new research and development initiatives [23] .
This paper follows the ideas of Barbara Kitchenham and the Center for Review and Dissemination (CRD) of the University York on SLR [21] , [23] - [25] . Table 2 outlines the steps that should be taken in order to carry out a systematic literature review. In the planning step the SLR objectives are laid down together with the repositories of scientific and technical work that are going to be consulted, the search terms to be used to select related work and the criteria used to discard non-relevant work. In the executing step the search terms are applied to the repositories described in the first step. Moreover, the results are analyzed and non-relevant works are discarded. Finally, in the reporting step the results obtained in the previous steps are organized, summarized and reported. Each of these steps are detailed in the next sections.
It should be noted that although the SLR activities outlined in Table 2 are presented as a sequence of steps, in many circumstances they are executed interactively. For example, an initial planning may be followed by an execution attempt, whose result presents opportunities for further planning and subsequent execution and reporting.
SLR Planning
As suggested in Section 2, this SLR starts with the development of a review protocol, which describes its objectives and the activities leading to the final reports.
Review Objectives
The objectives of this SLR are:
(a) Surveying recent academic publications that deal with the application of game theory to support IT governance (b) initiatives; (c) Identifying how IT governance initiatives can benefit from the use of game theory; (d) Determining what IT governance models and areas can be analyzed using game theory and (e) Establishing a basis for future scientific publications and research projects.
Research Questions
The second step in the review protocol is to specify the research questions to be answered by the SLR. These research questions are presented in Table 3 . It should be noted that they are closely aligned with the research objectives that have just been described. For instance, RQ 1 is aligned with SLR objective (a) and (c), and RQ 2 with (b). Moreover, RQ 3 and RQ 4 are aligned with objective (c), and RQ 5 with (d).
The Search Terms
Given the set of research questions RQ 1 , , RQ 5 , it is usually straightforward to derive the search terms that should be used to consult repositories of scientific and technical works. A search term is a logical expression composed of operands and logical operators. Table 4 introduces the search terms used in this SLR. Table 4 . Search Terms
Dimension Term
Population "governance" OR "IT governance" Scope "COBIT" OR "ITIL" OR "strategic alignment" OR "value delivery" OR "risk"
Intervention "game theory" OR "game theoretic" OR "gamification" OR "game concepts"
Purpose "implicate" OR "implement" OR "perform" OR "evaluate" OR "estimate" OR "analyse" OR "analyze" OR "approach" OR "support" Object "initiative" OR "model" OR "framework" OR "activities" OR "methods" OR "techniques"
Based on the ideas of Barbara Kitchenham on SLR (op. cit.) a structure composed of five dimensions (i.e. population, scope, intervention, purpose and object) is used to classify the terms in Table 4 . This is expected to facilitate reading and understanding. The structure is called PO 1 for obvious reasons.
In PO terminology population refers to the knowledge areas that are relevant to the SLR. The themes of interest within the population are listed in the scope dimension. The intervention describes the paradigms, methods, techniques and concepts that may have been applied to the populations under consideration. The purpose describes the actions used to apply the items listed in intervention to those listed in population. Finally, the object indicates the objects upon which the actions may have been applied.
The search term used in SLR carried out in this paper is presented in Table 5 . It is a composite of the expressions presented in Table 4 . It should be noted that this composite is the result of a disjunction between the population and scope combined with conjunctions of the remaining dimensions, i.e. intervention, purpose and object. ("governance" OR "IT governance" OR "COBIT" OR "ITIL" OR "strategic alignment" OR "value delivery" OR "risk") AND ("game theory" OR "game theoretic" OR "gamification" OR "game concepts") AND ("implicate" OR "implement" OR "perform" OR "evaluate" OR "estimate" OR "analyse" OR "analyze" OR "approach" OR "support") AND ("initiative" OR "model" OR "framework" OR "activities" OR "methods" OR "techniques")
Repositories of Scientific Information
The next step in the planning stage is to define the repositories of scientific and technical works to be used in the execution of the systematic literature review. Table 6 presents these repositories. The CAPES periodicals is an Internet portal supported by the Brazilian Government. It offers access to the content of scientific and technical publications in all knowledge areas. This includes periodicals, conferences, patent records, standards, dissertations and theses.
Search Constraints
Since English is the standard language for scientific publications regarding the population and sub-population dimensions, the SLR reported in this paper considers only works written in that language. Among these, only papers published in journals and proceedings of conferences, congresses, symposiums Volume 10, Number 9, September 2015 and workshops are to be selected. Moreover, these papers are required to have been published between January 2004 and January 2015.
Therefore, the SLR presented in this paper covers about ten years of academic research and technical development. Whenever possible it is established that the papers of interest are those that discuss subjects related to computer science, engineering, decision science, social sciences, business, management, economics and finance. Furthermore, paper selected from the depositories of scientific and technical information are required to satisfy the criteria established in Table 7 . Table 7 . Inclusion Criteria
Id Criterion

IC1
The paper uses game theory to help with the implementation of governance or IT governance initiatives
IC2
The paper introduces concepts, methods and techniques that can potentially be applied to governance or IT governance
IC3
The paper uses game theory to analyze activities, models or frameworks related to the implementation of governance or IT governance
IC4
The paper discusses the trade-offs of applying game theory to governance or IT governance initiatives
These criteria are derived from the research questions presented in Table III , so as to keep paper selection aligned with the objectives of this paper. In this respect, RQ 1 gave rise to IC 1 , RQ 2 to IC 2 and so on and so forth. Papers are selected for further analysis, if they satisfy at least one of the inclusion criteria presented in Table. 7.
It is important to mention that the scope of the search for relevant work has been widened at this point. The inclusion criteria presented in Table 7 allow for papers that are related to both IT and other types of governance. The reasons for this are simple. It is possible that IT governance can draw ideas from the use of game theory to support closely related initiatives.
SLR Execution
This section describes the SLR executing step in which the composite term described in Table 5 is used to select papers from the repositories presented in Table 6 . Additionally, these papers are analyzed with the aim of confirming their relevance to the SLR.
Identification and Selection of Studies
As a result of using the composite term as a filter for the works stored in the repositories, 583 papers were put aside for further analysis. Figure 1 shows the amount of selected papers grouped by repository of scientific and technical work. It should be noted that over half of the selected works originate from Google Scholar. The next most represented repositories are CAPES periodicals and Scopus. Among these papers 45 have been found to be duplicated, i.e. more than one of the repositories presented in Table 6 refer to the same work. As a result, the duplicated references were eliminated. Next the titles, abstracts and keywords of the remaining 538, i.e. 583-45, papers were subjected to the inclusion criteria presented in Table VII . As a result of all of this, 512 papers were rejected and 26 accepted. Figure 2 summarizes this information. Fig. 2 . The result of applying the initial selection criteria.
Finally, the full text of the remaining 26 papers, i.e. 538 -512, were scrutinized under the criteria presented in Table 7 . As a consequence, 20 papers were rejected and 6 selected. Fig. 3 summarizes this information in a pie chart. Table 8 identifies the remaining 6 papers and presents the reasons that led to their selection. 
Summary of the Selected Works
What follows is a summary of the papers selected in the previous section.
Paper #1
Abraham and Aier present a game-theory perspective on the coordination of business activities, a crucial function within corporate and IT governance [14] . The authors identify three types of games that tend to make coordination between different groups of stakeholders a challenging task, i.e. matching, battle of the sexes and assurance games.
From the analysis of these three games, they put forward a proposal to evolve the management of enterprise architecture within organizations. The proposal is twofold. The first approach proposes the use of active decision support activities within the realm of IT. The second promotes the same idea while moving out of the IT domain. In the latter, the decision support activities are meant to provide the necessary support for enterprise transformation.
Paper #2
Luna, Kruchten and Moura present some preliminary ideas on how to conceive, define, and evaluate a management model for agile governance [26] . The model is expected to help organizations to attain greater agility as the same time that they pursue their business strategies. Moreover, it promotes a collaborative and adaptive organizational culture. The authors' initial insights suggest that the model should be a game played by decision makers, which uses constructs from the areas of gamification [31] - [32] , fun theory [33] and game theory [18] .
Paper #3
Sun uses game theory to analyze the governance of commons [27] . In this context, commons refer to cultural and natural resources that are not owned privately, but are held in common among the members of a society.
In her work Sun advocates the adoption of a self-selecting mechanism, which favors the sustainable and effective governance of commons. Such a mechanism is shown to be superior to requiring commons to be managed according to government regulation. In addition, it performs better than allowing commons to be governed under private property rights, managed by self-organized arrangements and even overseen by self-governed bodies. Sun also claims that the self-selecting mechanism solves the problem of free riding, which happens frequently in the governance of commons.
Paper #4
In recent years China has been the scene of some major environmental accidents. Some of them have had long lasting consequences. For example, in 2005 an explosion in a petrochemical facility in the city of Jilin caused an 80 km long toxic slick in the Songhua River. Over 10,000 people were displaced as a result and the water supply of millions of people in China and Russia was deeply affected [34] .
Moreover, in 2007 an outbreak of toxic cyanobacteria affected the life of over two million people who lived around Lake Tai, a main source of water supply in East China. The local population was forced to stop using lake water for drinking and cooking. The stench of decay was so strong that it made breathing difficult and could be detected from over a mile away [35] . As a consequence of these and other disasters, environmental protection has become a subject of concern in China [36] .
In this respect, Zhao et al. have put forward the idea of using game theory to analyze environment governance. This includes the game that government, interested companies and affected populations play in environmental crisis [28] . They claim that the insights provided by game theory can help to prevent accidents that affect the environment and increase readiness for relief actions, if the worst happens.
Paper #5
In the realm of organizational change, Steur and Wittek claim that for the management of a transition process to be successful, it has to imply a decrease in the occurrence of severe organizational problems [29] . The difficulty in dealing with social dilemmas and unpreparedness to face disputes among employees are examples of these problems.
Steur and Wittek also claim that the number and severity of coordination problems should be expected to rise during transition periods. Note that the coordination of activities among different stakeholders is a crucial function within corporate governance. Hence, transition processes can be expected to have a considerable impact on governance.
Steur and Wittek's work allows for better planning of organizational change, as it unveils the intricacies of games that are elusively played by employees and managers in these circumstances. This favours the Volume 10, Number 9, September 2015 effective governance of corporate resources, including those of technological nature.
Paper #6
A knowledge alliance (KA) in which business strategy is centered around the acquisition and sharing of knowledge [37] . In this kind of business arrangement, knowledge management and governance issues play a crucial role. Nevertheless, according to Yu, Zhang and Yang, when KAs set up a governance committee, participating parties are likely to start playing games [30] . Understanding these games and acting upon them accordingly is crucial for the success of KAs.
Consistent with this view, Yu, Zhang and Yang use game theory to analyze the games that people play in KA's governance committees and provide guidelines for management. In addition, they suggest that these committees should enhance the way knowledge is acquired and shared, so that the participating parties can perceive cost-benefit value. Also, governance committees should improve their efficiency and strengthen the efficacy of their supervising activities, as a way of keeping the KA on track.
SLR Reporting
At the outset, the SLR performed in this paper undertook to provide answers to some key research questions. See Table 3 in this respect. The answers to these questions are presented below.
Answering RQ1: How Has Game Theory Been Used to Support IT Governance
Initiatives?
Perhaps the most striking information that can be extracted from the SLR reported in this paper is that none of the selected works deals with the governance of information technology.
This indicates a huge gap in the research work that is being carried out around the world. Not only is IT part of the business strategy of many companies, but it is also an integral part of all other business functions. Moreover, IT draws a considerable amount of investment money from an organization's annual budget [38] .
Nevertheless, the six selected papers use game theory to aid the implementation of other relevant aspects of governance in both the private and public sectors. For example, the use of game theory to support the governance of common resources is approached in [27] . In addition, the prevention of environmental accidents and increasing readiness for action in the aftermath of accidents with the support of game theory and governance is discussed in [28] . Moreover, the use of game theory to improve the planning of organizational change is dealt with in [29] , and the use of game theory to improve the efficacy of governance committees in knowledge alliance is studied in [30] .
Initial insights provided by the selected papers indicate that game theory could be used in similar ways to aid IT governance initiatives. However, more research will have to be done in this respect.
Answering RQ2: What Are the Advantages and Disadvantages of Such Use?
As a whole the selected papers indicate that the games that people play can substantially affect the success of business initiatives [16] [17] . For example, they may interfere with the efficacy and efficiency of different kinds of activities [30] . Also, they can increase the severity of the risks that projects and processes are exposed to [29] .
Note that IT governance is a business function that relies on people to manage technological resources. Therefore, it is susceptible to the games they play and their consequences [39] . In this respect, all of the selected papers present game theory as a powerful set of concepts, methods and tools that help with the analysis of these games.
Therefore, IT governance should draw from the content of these papers and use game theory to ensure that more and better returns are provided from investments made in information technology.
On the other hand, game theory refers to concepts and methods that use mathematical modelling to Volume 10, Number 9, September 2015 analyze potentially conflicting situations among intelligent rational decision makers. However, IT and other business professionals may lack the necessary mathematical background to understand the intricacies of game theory. This fact alone may severely limit the usefulness of game theory to support IT governance initiatives.
Answering RQ3: What Game Theory Concepts, Methods and Techniques Have Been Used to Support IT Governance?
The games studied in game theory are mathematical structures composed of players, the relevant information available to each player at decision points, the actions they may take, and the payoffs for each possible outcome. The mathematical nature of game theory allows the precise identification of the best strategy for each player [15] . Therefore, if logical reasoning drives the players, they can use game theory to maximize their payoffs.
When it comes to governance, the selected papers indicate that game theory can help with the identification of the games that people are playing, the definition of the best possible strategy for each player, and the establishment of situations in which players can maximize their rewards through cooperation or competition.
All of this can benefit IT governance implementation. In this regard, game theory can help with the identification of the games that stakeholders are likely to play when managing common technological resources. Also, it can help with the analysis of the effect of possible game outcomes on business strategy. Moreover, it can provide guidelines on how management should deal with each situation. This allows for better planning of IT governance initiatives and also with the execution of implementation plans.
Answering RQ4: What IT Governance Activities Have Been Carried out with the Support of Game Theory?
Because none of the selected papers deal with the governance of information technology, no IT governance activities that have been carried out with the support of game theory could be identified.
Nevertheless, the selected papers give some valuable indications of activities that could benefit from the use of game theory. For instance, IT is one of the main drivers of change in a variety of markets. Therefore, as shown in [14] , IT governance is likely to require the coordination of actions among stakeholders with conflicting interests. In these circumstances, matching games, battle of the sexes and assurance games can be expected to emerge as the games that people are likely to play. Moreover, the suggestions advocated by [29] could be used to reduce the difficulties in dealing with social dilemmas and unpreparedness to face competition among employees. These are common place in organizational changes enabled by IT.
As markets inevitably change over the course of time, flexibility is a powerful weapon to keep business competitive. Therefore, organizations tend to value flexibility when pursuing their business strategies. In this respect, the ideas presented in [26] could be used to help organizations to attain agility while IT governance is implemented.
In a sense IT equipment and professionals are common resources that are shared by all business functions. As a result, the approach used by [27] to analyze the governance of commons could be used to benefit the management of IT resources. Besides favoring the efficient use of resources, the approach also helps to solve the problem of free riding, which is not uncommon in IT initiatives.
In many countries, in both the public and private sector, IT is the basis for monitoring environmentally sensitive areas and also for disaster relief operations. As a consequence, the ideas put forward in [28] to analyze the games that government, interested companies and the affected population play in these circumstances could be used to manage IT resources more effectively.
Finally, as IT is at the center of knowledge management in many companies, the implementation of IT Volume 10, Number 9, September 2015 governance in cooperative arrangements could benefit from the ideas introduced in [30] . The way that management guidelines are constructed in that paper could allow IT governance to draw similar results, improving the effectiveness of IT resource management.
Answering RQ5: What Are the Opportunities for the Development of New Research Projects and Publications?
Despite the relevance of IT governance to both the private and public sectors, the SLR reported in this paper demonstrates that very little research has been done in this respect. Therefore, the use of game theory to support IT governance is actually an open road for research and publication.
Many of the activities performed in the implementation of IT governance depend on people's decisions and actions. Assigning responsibilities to people, setting performance indicators, establishing priorities for different ideas and auditing processes are examples of activities in the realm of IT governance that are carried out by people.
The selected papers show that when people are required to perform these and other similar activities, they tend to find themselves in conflicting situations. In this case, people are likely to play a variety of games. Moreover, those papers indicate that game theory can be used to analyze the games that people play in these circumstances, and establish strategies and guidelines that maximize the outcome.
Not only are the games that people play while managing IT resources worth investigating. We should also consider the choices that are usually available to different players at the point of decision making.
Moreover, besides being relevant to the players individually, the outcomes of these games are also important for business performance in all of its dimensions. Hence, investigating the relations that exist between IT governance game outcomes and business performance is another opportunity for further research and publication.
Furthermore, in respect to IT governance many of the future findings from research carried out in the private sector will have to be reconsidered for the public sector and vice versa. As the objectives, management structures and cultures are very different from one another, it would be naive to consider that the findings drawn from one sector could be directly applied to the other.
Conclusions
This paper presents a systematic review of the literature aimed at revealing how IT governance can benefit from the use of game theory. The results of the systematic review show that so far no publication has addressed this subject directly. Therefore, connecting game theory to IT governance seems to be an open road for research and publication.
Nevertheless, some relevant research has been done on the use of game theory to support other kinds of governance. This has proved useful in clarifying how the use of game theory can support the governance of IT resources.
For example, while involved in IT governance activities, people are likely to play a variety of competitive and cooperative games. Moreover, how a game unfolds and its outcome and aftermath can be analyzed with the support of game theory. This can be used to maximize the outcome of each player and establish guidelines and policies that improve business performance.
However, game theory is essentially a mathematical subject. Therefore, the background of those involved with IT governance must be considered to ensure that the findings of future research are accessible. Note that not all business executives enjoy a high level mathematical background.
As a result, many IT governance practitioners may find it difficult to master the intricacies of game theory. Therefore, making the new findings accessible to the corporate realm may be difficult. These findings stand Volume 10, Number 9, September 2015 a better chance of making a difference in the real world, if they are accompanied by software that facilitates their use.
